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Abstract
Objective: Current guidelines recommend deferring prognostic decisions for at least 72 h following admission after Out of Hospital cardiac arrest
(OHCA). Most non-survivors experience withdrawal of life sustaining therapy (WLST), and early WLST may adversely impact survival. We sought to
characterize the hospital length of stay (LOS) and timing of Do Not Resuscitate (DNR) orders (as surrogates for WLST), to assess their relationship to
survival following cardiac arrest.
Design: We performed a retrospective cohort study of probabilistically linked cardiac arrest registries (Cardiac Arrest Registry to Enhance Survival
(CARES) and Michigan Inpatient Database (MIDB) from 2014 to 2017.
Patients: Adult (18 years) patients admitted following OHCA were included. We considered LOS  3 days (short LOS) and written DNR order with
LOS  3 days (Early DNR) as indicators of early WLST. Our primary outcome was survival to hospital discharge. We utilized multilevel logistic
regression clustered by hospital to examine associations of these variables, patient characteristics and survival to hospital discharge.
Measurement and Main Results: We included 3644 patients from 38 hospitals with >30 patients. Patients mean age was 62.4 years and were
predominately male (59.3%). LOS  3 days (ORadj = 0.11) and early DNR (ORadj = 0.02) were inversely associated with survival to discharge. There was
a non-significant inverse association between hospital rates of LOS  3 days and survival (p = 0.11), and Early DNR and survival (p = 0.83). In the
multilevel model, using median odd ratios to assess variation in LOS  3 days and survival, patient characteristics contributed more to variability in
surviival than between-hospital variation. However, between-hospital variation contributed more to variability than patient characteristics in the
provision of early DNR orders.
Conclusions: We observed that LOS  3 days for post-arrest patients was negatively-associated with survival, with both patient characteristics and
between-hospital variation associated with outcomes. However, between-hospital variation appears to be more highly-associated with provision of
early DNR orders than patient characteristics. Further work is needed to assess variation in early DNR orders and their impact on patient survival.
Keywords: Cardiac arrest, Survival, Length of stay, End of life, Prognostication, WSLT
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Introduction
Improving clinical outcomes after out-of-hospital cardiac arrest
(OHCA) requires a complex system of care, referred to commonly
as the ‘chain of survival’.1,2 Substantial resources have been
dedicated to improving factors identified in this model, including
bystander recognition and intervention, public access defibrillation,
prehospital and emergency care, and in-hospital care subsequent to
return of spontaneous circualtion.3 6 Critical care for OHCA patients
continues to evolve, with discrete interest in neurocritical care for the
post-arrest patient.3,4 Evidence-based clinical decision making
around neurologic prognostication and withdrawal from life sustaining
therapies is crucial; awakening from coma with good functional
recovery can occur more than 72 h after return of spontaneous
circulation (ROSC) or 72 h after rewarming in patients treated with
targeted temperature management (TTM).5 7
Coma following ROSC is common, even among those who
ultimately experience good neurologic outcomes, and early neurological findings do not reliably predict a poor patient outcome.8
Guidelines from the European Resuscitation Council (ERC) and
American Heart Association (AHA) have summarized this literature,
and confirm that there are no known clinical or laboratory features that
sufficiently predict a poor prognosis within the first 72 h.9,10 This early
period of post-arrest coma is challenging for providers and families
alike, who are faced with complex decisions regarding whether to
continue or withdraw life-sustaining therapies (WLST). In North
America, WLST for presumed poor neurologic prognosis is the single
most common proximate cause of death among post-cardiac arrest
patients.11
Limited literature characterizes post-arrest WLST, including the
incidence of early WLST within 72 h and its potential impact on
meaningful functional recovery. Two large registry-based observational studies indicate that early WSLT was common (33 43%) 5 and
potentially could impact outcomes in 16 19% of patients exposed to
early WSLT.12 Both were conducted within academic tertiary care
centers and regional systems of care. It remains to be determined if
these estimates are observed in a more variegated cohort. Thus, we
utilized a state-wide registry encompassing both academic and a
number of community-based hospitals to tabulate post-arrest length of
hospital stay (LOS) and short (3 days) LOS as a surrogate for early
WLST. Our primary objective was to characterize hospital-level
variability in the relationship between prevalence of LOS  3 days and
subsequent survival to hospital. We also characterized the early use of
do not resuscitate (DNR) orders (3 days) as an indicator of intent to
WLST.
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including clinical outcomes through hospital discharge.13 During
the study period, CARES data was submitted from EMS agencies
from a catchment area encompassing nearly 70% of the Michigan
population (approximately 7 million persons).14 The MIDB database,
maintained by the Michigan Department of Community Health,
records diagnostic, procedural, and outcome data for acute care
admissions in the state of Michigan.17

Study cohort
We linked OHCA cases between CARES and MIDB using
probabilistic linkage methodology at the patient level and have
previously described this methodology.15 We included all adult
(18 years old) patients recorded in CARES with attempted
prehospital resuscitation after non-traumatic OHCA from 2014 to
2017. We excluded 1) patients under 18 years of age; 2) traumatic
cardiac arrest; 3) patients with pre-existing DNR orders at the time of
cardiac arrest; 4) patients who did not survive to hospital admission; 5)
patients who experienced immediate ROSC after only bystander CPR
as identified in CARES; 6) patients transferred from the original
receiving hospital, or transported out of state (precluding patient-level
matching of EMS and inpatient records); and, 7) patients treated at
hospitals with <30 cardiac arrest cases reported over the four-year
study period.

Patient characteristics
Patient age, sex, arrest location type (e.g., private residence, health
facility, public), arrest witness status (e.g., unwitnessed, bystanderwitnessed, 911 responder-witnessed), and initial rhythm type (e.g.,
non-shockable, shockable) were obtained from the CARES. Hospital
length of stay was obtained from MIDB.

Study outcomes and definitions

This study was approved by the William Beaumont Hospital
Institutional Review Board and the CARES Data Sharing Committee.

Our question of interest was whether patients had early WLST,
defined as occurring within 3 days of arrest. The primary outcome was
survival to hospital discharge as recorded in CARES. We used two
surrogates for early WLST: hospital LOS of 3 days (LOS  3 days),
or the provision of a DNR order associated with a LOS  3 days (Early
DNR). Hospital LOS was abstracted from the MIDB database. As
denoted by ERC and AHA guidelines on the timing of neurologic
prognostication following cardiac arrest, we defined short hospital
LOS as less than or equal to 3 days (LOS  3 days) between hospital
arrival and time of death.16 This determination was imperfect, as the
MIDB database only determines date, but not time of discharge or
death. Since hospital LOS is impacted by both physiologic events
(e.g., death from cardiovascular collapse, brainstem herniation or
multi-system organ failure) and clinical decisions to WLST, we
performed a secondary analysis restricted to patients who had a
documented do not resuscitate (DNR) order (as recorded in CARES),
and a length of stay less than or equal to 3 days (Early DNR).

Data sources

Statistical analyses

We performed a secondary analysis of two prospectively created
registries in the state of Michigan: the Cardiac Arrest Registry to
Enhance Survival (CARES) and the Michigan Inpatient Database
(MIDB). CARES is a national OHCA registry that collects demographic, prehospital, emergency, and hospital-based data elements,

We have previously described the probabilistic matching and linkage
of these two datasets.15 Match scores were tabulated using a
composite point score from points assigned to each of match variables
including age, sex, date of arrest/hospital admission, and receiving
hospital. We assigned weighted scores to each variable based on the

Methods
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Michigan Inpatient Database (MIDB)
Total Records 2014-2017
1.5 Million Records

19,938

Cardiac Arrest or Ventricular
Fibrillation (ICD-9 or ICD-10 codes)

Michigan CARES Cardiac Arrest
Survival to Hospital Admission

35,109

5,486
Exclusion
474 Transfer
69 Age<18

CARES OHCA Cases Linked to MIDB
Records

Michigan CARES Cardiac Arrest
(Adults,Not Transferred)

3,790

4,943

Exclusion
115Cases from Low VolumeHospitals
31ROSC with BystanderCPR Only
Study Cohort
CARES and MIDB Matched Cases
3,644

Fig. 1 – Case ascertainment of study patients.

perceived ability of each variable to provide an optimal match. We
further determined the threshold from the distribution of match scores
to identify the linkage of records from the same patient. The final study
cohort included OHCA patients who were successfully linked to a

MIDB record. The matching process was implemented using the SQL
procedure in SAS.
Descriptive analyses summarized patient characteristics with ttest or Kruskal-Wallis test (continuous variables) and Chi-squared or

Table 1 – Characteristics of Study Patients by Status of Length of Stay and Status of Do-Not-Resuscitate.
Length of Stay

Do-Not-Resuscitate

Variables

All

3 days

>3 days

3 days

>3 days

n
Patient Characteristics
Age, years, mean  SD
Age, years, No. (%)
18 39
40 64
65 74
75
Sex, No. (%)
Male
Female
Rhythm Type, No. (%)
Non-shockable
Shockable
Location, No. (%)
Home/Residence
Public
Nursing Home/Healthcare
Arrest Witness Status, No. (%)
Unwitnessed
Bystander
911 Responder
Outcome
Survival in Hospital, No. (%)
No
Yes

3644

1813

1831

573

3071

62.4  16.1

63.7  17.1

61.1  14.9

<0.001

65.6  17.5

61.8  15.7

<0.001

336 (9.2)
1606 (44.1)
835 (22.9)
867 (23.8)

186 (10.3)
711 (39.2)
389 (21.5)
527 (29.1)

150 (8.2)
895 (48.9)
446 (24.4)
340 (18.6)

<0.001

57 (10.0)
200 (34.9)
123 (21.5)
193 (33.7)

279 (9.1)
1406 (45.8)
712 (23.2)
674 (21.9)

<0.001

216 (59.3)
1484 (40.7)

1025 (56.5)
788 (43.5)

1135 (62.0)
696 (38.0)

0.001

319 (55.7)
254 (44.3)

1841 (60.0)
1230 (40.0)

0.06

2509 (68.8)
1135 (31.1)

1431 (78.9)
382 (21.1)

1078 (58.9)
753 (41.1)

<0.001

482 (84.1)
91 (15.9)

2027 (66.0)
1044 (34.0)

<0.001

2465 (67.6)
625 (17.1)
554 (15.2)

1301 (71.8)
219 (12.1)
293 (16.2)

1164 (63.6)
406 (22.2)
261 (14.2)

<0.001

419 (73.1)
44 (7.7)
110 (19.2)

2046 (66.6)
581 (18.9)
444 (14.5)

<0.001

1349 (37.0)
1673 (45.9)
622 (17.1)

765 (42.2)
750 (41.4)
298 (16.4)

584 (31.9)
923 (50.4)
324 (17.7)

<0.001

268 (46.8)
236 (41.2)
69 (12.0)

1081 (35.2)
1437 (46.8)
553 (18.0)

<0.001

2566 (70.4)
1078 (29.6)

1649 (90.9)
164 (9.0)

917 (50.1)
914 (49.9)

<0.001

568 (99.1)
5 (0.9)

1998 (65.1)
1073 (34.9)

<0.001

p value

Note: SD = standard deviation.

Downloaded for Anonymous User (n/a) at Henry Ford Hospital / Henry Ford Health System (CS North America) from ClinicalKey.com by
Elsevier on July 20, 2021. For personal use only. No other uses without permission. Copyright ©2021. Elsevier Inc. All rights reserved.

p value

122

RESUSCITATION 165 (2021) 119

Fisher’s exact test (categorical variables). Our data had two-level
structure with patients clustered within hospitals. Multilevel logistic
regression models were used to examine the association between
LOS  3 days and Early DNR, and survival to hospital discharge,
adjusted for patient characteristics and clustering of patients within
hospitals, respectively. We a priori selected patient age, sex,
presenting cardiac rhythm, location of arrest, and witnessed collapse
for inclusion as covariates since these are known variables associated
with clinical outcomes after OHCA. Similar modeling approach was
also used to examine the association between patient characteristics,
LOS  3 days and Early DNR, adjusted for clustering of patients within
hospitals. We estimated the median odds ratio (MOR) to indicate
whether individual propensity of the binary outcome of interest was
dependent on the hospitals. The MOR was defined as the median of
values of odds ratios between the hospital at higher likelihood of the
outcome and the hospital at lower likelihood of the outcome when
randomly sampling two identical patients from different hospitals
(ie, the median change in the odds of the outcome moving from one
hospital to another hospital).17,18 To better understand the magnitude
of between-hospital variation on the likelihood of the outcome of
interest, MOR and the reciprocal of the MOR was used to compare
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with the estimated odds ratios of patient characteristics in a multilevel
logistic regression model.
To characterize variation in the prevalence of LOS  3 days and
Early DNR across hospitals, we plotted the adjusted rates generated
from the multilevel multivariable logistic models. Beta regression was
used to examine the association between the adjusted rates of
LOS  3 days or Early DNR and the adjusted proportions of patients
surviving to hospital discharge across hospitals. All tests of statistical
significance were two-sided with a significance level of 0.05. Analyses
were performed using SAS version 9.4 (SAS Institute, Inc., Cary, NC).

Results
Of 3790 patients, we excluded 31 with ROSC after bystander CPR
and 115 who were transported to hospitals treating fewer than
30 patients over the four-year study period. This yielded a final
cohort of 3644 patients from 38 hospitals (Fig. 1). Patients mean
(SD) age was 62.4  16.1 years and were predominately male
(59.3%). Approximately one-third (31.1%) had an initially shockable
cardiac rhythm and the majority (67.6%) collapsed in a private

Table 2 – Results of Length of Stay and Do-Not-Resuscitate on Survival to Hospital Discharge from Multilevel,
Multivariable Analysis.
Survival to Hospital Discharge

Variables

No. (%)

n
3644
Length of Stay, days
>3 days
1831 (50.2)
1813 (49.7)
3 days
Do-Not-Resuscitate, days
3071 (84.3)
>3 days
573 (15.7)
3 days
Age, years
336 (9.2)
18 39
1606 (44.1)
40 64
65 74
835 (22.9)
867 (23.8)
75
Sex
2160 (59.3)
Male
1484 (40.7)
Female
Rhythm Type
2509 (68.8)
Non-shockable
1135 (31.1)
Shockable
Location
2465 (67.6)
Home/Residence
625 (17.1)
Public
Nursing Home/Healthcare
554 (15.2)
Arrest Witness Status
1349 (37.0)
Unwitnessed
Bystander
1673 (45.9)
622 (17.1)
911 Responder
Measure of Variation or Clustering
Hospital Level Variance
Median Odds Ratio (MOR)

Observed
Rate (%)

As a Function of Length of Staya

As a Function of Do-Not-Resuscitatea

Odds Ratio (95% CI)

Odds Ratio (95% CI)

p value

p value

49.7
49.9
9.0

1 [Reference]
0.11 (0.09 to 0.13)

<0.001

34.9
0.9

1 [Reference]
0.02 (0.01 to 0.05)

< 0.001

27.7
35.4
28.3
20.9

1 [Reference]
0.89 (0.65 to 1.24)
0.63 (0.44 to 0.90)
0.60 (0.41 to 0.86)

0.49
0.01
0.006

1 [Reference]
0.97 (0.72 to 1.32)
0.72 (0.52 to 1.00)
0.59 (0.42 to 0.83)

0.85
0.05
0.003

33.6
23.7

1 [Reference]
0.84 (0.69 to 1.02)

0.08

1 [Reference]
0.85 (0.71 to 1.02)

0.07

18.0
55.2

1 [Reference]
4.60 (3.78 to 5.59)

<0.001

1 [Reference]
4.79 (3.98 to 5.75)

<0.001

26.0
48.6
24.2

1 [Reference]
1.68 (1.33 to 2.12)
1.35 (1.03 to 1.76)

<0.001
0.03

1 [Reference]
1.73 (1.40 to 2.15)
1.33 (1.03 to 1.72)

<0.001
0.03

20.5
34.2
36.8

1 [Reference]
1.40 (1.14 to 1.73)
2.56 (1.97 to 3.32)

0.002
<0.001

1 [Reference]
1.50 (1.23 to 1.83)
2.31 (1.81 to 2.96)

<0.001
<0.001

0.155
1.46

0.165
1.47

a
Adjusted effects of length of stay (LOS) and do-not-resuscitate (DNR) were estimated in multilevel logistic regression models, controlling for patient
characteristics and the clustering of patients within hospitals.
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residence. More than half of patients were witnessed by either
bystanders or prehospital personnel. Approximately half (47.1%)
received TTM and approximately one-third (29.6%) survived to
hospital discharge. Half (49.7%) of patients had LOS  3 days and
15.7% had Early DNR. Patients with LOS  3 days and Early DNR
tended to be older, female, present with a non-shockable initial
cardiac rhythm, have an unwitnessed collapse, the arrest occurred
in a private residence, and were less likely to survive to hospital
discharge (Table 1).
We examined the association of LOS  3 days on survival to
hospital discharge and quantified the general contextual effect by
measures of between-hospital variation. In the multilevel logistic
model, our results suggest that there is an inverse association
between LOS  3 days and survival to hospital discharge (ORadj =
0.11, 95% CI = 0.09 0.13). Patients with LOS  3 days were also
more likely to have those characteristics traditionally associated with a
poorer prognosis following OHCA, including older age, arrest in a
private location, unwitnessed arrest, and non-shockable presenting
cardiac rhythm (Table 2). In addition, the median odds ratio (MOR)
across hospitals for survival to hospital discharge was 1.46, indicating
that the median odds of survival to hospital discharge were 46%
greater for a patient admitted to one hospital in any randomly-selected
pair of hospitals. Multiple patient characteristics (age >65 years, initial
shockable cardiac rhythm, collapse in public, and EMS-witnessed
collapse) had a greater impact than median effect of clustering on the
likelihood of hospital survival (ORadj > 1.46 vs. ORadj < 0.68). We

123

126

found similar results examining the association of Early DNR
(DNR  3 days on tables and graphics) and survival to hospital
discharge in the multilevel logistic model (Table 2). There was an
inverse association between Early DNR and survival to hospital
discharge (ORadj 0.02, 95% CI 0.01 0.05) and the MOR across
hospitals was 1.47 for survival to hospital discharge.
We also characterized the variation of short LOS (LOS  3 days)
and early DNR (DNR  3 days) by hospital, including the impact of
patient characteristics. In our multilevel logistic model, the MOR
across hospitals for LOS  3 days was 1.18, suggesting that multiple
patient characteristics (age >40 years, shockable rhythm, publication
or nursing home location, witnessed arrest) were of potentially larger
relevance than between-hospital variation in the likelihood of short
LOS (ORadj > 1.18 or ORadj < 0.85). Models of early DNR showed a
different pattern. The MOR across hospitals for early DNR was as high
as 3.16, suggesting that no measured patient characteristics were of
greater relevance than between-hospital variation in the likelihood of
early DNR (ORadj > 3.16, or ORadj < 0.32) (Table 3).
Fig. 2 presents the adjusted rates of short LOS (LOS  3 days) and
early DNR across all 38 hospitals, adjusted for patient characteristics
and the clustering of patients within hospitals. We observed large
variation in the adjusted rate of early DNR by hospital (mean 13.9%,
range 1.2 40.9%) but not for LOS  3 days by hospital (mean 49.5%,
range 43.1 56.4%). For early DNR, 9/38 hospitals had adjusted rates
significantly higher than the hospital average and 11/38 hospitals had
significantly lower rates.

Table 3 – Results of Patient Characteristics on Short Length of Stay and Early Do-Not-Resuscitate from Multilevel,
Multivariable Analysis.

Variables

No. (%)

Short Length
of Staya,b
Observed
Rate (%)

Odds Ratio

p value

Early Do-NotResuscitatea,b
Observed
Rate (%)

Odds Ratio
(95% CI)

p value

(95% CI)
n
3644
Age, years
336 (9.2)
18 39
40 64
1606 (44.1)
835 (22.9)
65 74
867 (23.8)
75
Sex
Male
2160 (59.3)
1484 (40.7)
Female
Rhythm Type
2509 (68.8)
Non-shockable
1135 (31.1)
Shockable
Location
2465 (67.6)
Home/Residence
Public
625 (17.1)
554 (15.2)
Nursing Home/Healthcare
Arrest Witness Status
1349 (37.0)
Unwitnessed
1673 (45.9)
Bystander
622 (17.1)
911 Responder
Measure of Variation or Clustering
Hospital Level Variance
Median Odds Ratio (MOR)
a
b

49.7

15.7

55.4
44.3
46.6
60.8

1 [Reference]
0.77 (0.60 to 0.99)
0.82 (0.62 to 1.07)
1.43 (1.09 to 1.89)

0.04
0.15
0.01

17.0
12.5
14.7
22.3

1 [Reference]
0.80 (0.56 to 1.14)
1.00 (0.68 to 1.47)
1.66 (1.14 to 2.41)

0.21
0.99
0.01

47.4
53.1

1 [Reference]
1.03 (0.89 to 1.19)

0.67

14.8
17.1

1 [Reference]
1.06 (0.86 to 1.31)

0.55

57.0
33.7

1 [Reference]
0.44 (0.37 to 0.52)

<0.001

19.2
8.0

1 [Reference]
0.42 (0.32 to 0.54)

<0.001

52.8
35.0
52.9

1 [Reference]
0.62 (0.51 to 0.75)
0.86 (0.70 to 1.04)

<0.001
0.12

17.0
7.0
19.9

1 [Reference]
0.44 (0.31 to 0.63)
0.92 (0.70 to 1.21)

<0.001
0.55

56.7
44.8
47.9

1 [Reference]
0.71 (0.61 to 0.83)
0.70 (0.57 to 0.85)

<0.001
0.001

19.9
14.1
11.1

1 [Reference]
0.76 (0.61 to 0.94)
0.49 (0.36 to 0.67)

0.01
<0.001

0.029
1.18

1.454
3.16

Short length of stay meant length of stay 3 days and early do-not-resuscitate meant do-not-resuscitate 3 days.
Adjusted effects of patient characteristics were estimated in the multilevel logistic regression model, controlling for the clustering of patients within hospitals.
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After adjusting for patient characteristics in Table 1, the
adjusted proportion of survival to hospital discharge varied from
0.16 to 0.39 by hospital, estimated from the multilevel logistic
model. Fig. 3 plots the adjusted rates of short LOS (LOS  3 days)
or early DNR (x-axis) versus the proportions of patients with
survival to hospital discharge (y-axis) for each hospital. Beta
regression suggested a small negative association between rates
of LOS  3 days and proportions of patients with survival to
hospital discharge at the hospital level (regression coefficient =
0.03, p = 0.11). We did not identify any evidence of association
between rates of early DNR and proportions of patients with
survival to hospital discharge at the hospital level (regression
coefficient = 0.001, p = 0.83).

Discussion

Fig. 2 – Variation among 38 hospitals in rates of short LOS
and early DNR.
Footnote: These adjusted rates were estimated from
multilevel logistic models, controlling for patient characteristics. Adjusted rates of early DNR were ranked from
highest to lowest by hospital and adjusted rates of short
LOS (LOS  3 days) are depicted along with the ranking of
hospitals of early DNR. Adjusted rates and the corresponding 95% confidence intervals for each hospital were
plotted. Hospitals with adjusted rates significantly different from the overall mean adjusted rates (dashed line)
were colored with dark confidence intervals.

Fig. 3 – Rates of short LOS and early DNR versus
proportions of survival to hospital discharge for each
hospital.
Foot note: These adjusted rates on short LOS (LOS  3
days) and early DNR, respectively, were estimated from
multilevel logistic models, controlling for patient
characteristics.

In North America, the most common cause of death after successful
resuscitation from cardiac arrest is WLST. For this reason, it is
important that clinicians and researchers have data regarding this
process. In this cohort, the length of hospital stay after resuscitation
from cardiac arrest was frequently short, with LOS  3 days found in
approximately half of our study population. Although LOS  3 days
was associated with decreased survival in this data set, almost 10% of
those with LOS  3 days survived to hospital discharge. We found that
the rate of LOS  3 days varied by hospital and was associated with
differences in most patient characteristics measured in this analysis.
Patient outcome was negatively associated with LOS  3 days, there
was significant variation in LOS  3 days by hospital, but betweenhospital variation was more likely associated with differences in
patient characteristics.
During the study period, 15.7% of patients had an Early DNR order
(a new DNR order written within 3 days of cardiac arrest); not
surprisingly, outcomes were poor for these patients. We observed
substantial variation by hospital in the rate of early DNR orders.
However, between-hospital variation in Early DNR was more likely
associated with the hospital, rather than patient characteristics.
These data are hypothesis-generating, with almost half of all
patients admitted post-cardiac arrest staying in the hospital 3 days or
less. While we initially observed that there was variation in the rate of
LOS  3 days by hospital, most of this variation appears to be due to
differences in patient characteristics. Early DNR orders, however,
vary substantially by hospital and that variation is not explained by
patient characteristics considered in our analysis. The impact of this
variation in practice on outcome is difficult to discern as an early DNR
order was observed to be almost uniformly fatal in our study
population. The adjusted variation in DNR provision by hospital is
striking, however.
Sandroni et al. have suggested that early WLST for presumed
neurologic death and futility may contribute to low post-arrest survival
rates.5,19 However, it is difficult to quantify the reasons that providers
and families seek early WLST, due to the complexity of the decisionmaking involved. Hemodynamic collapse often occurs early after
cardiac arrest, and is a more objective proximate cause of death.20
However, a diagnosis of “futility” by clinicians could lead to withdrawal
of care directly through the decisions of the provider, or indirectly
through information given to families by physician or nursing care
providers. Although a patient’s wishes relating to DNR orders or
advance directives are important, they are also underutilized.21 Such
written instructions often lack the level of detail needed to implement
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the patient’s wishes.21 Although existing literature suggests that
practice variation in withdrawal of care may impact survival,22 we
believe that ours is the first study to link early DNR orders to outcomes
for OHCA. Work by Fendler et al. exploring the “Get with the
Guidelines1 - Resuscitation” inpatient cardiac arrest registry has
already quantified this issue for patients experiencing in-hospital
cardiac arrest (IHCA).24 However, IHCA patients may differ
importantly from OHCA patients in this area. DNR status is often
established at the time of hospital admission, and cardiac arrest for
inpatient cardiac arrest is more likely a terminal event.22 Early DNR
identification may have an important role on impacting OHCA survival.
We observed substantial variation in this variable between hospitals,
which may reflect characteristics of the hospital, characteristics of the
patient population served by the hospital, or both.23,24 Hospitals near a
large number of extended care facilities, or with a disproportionate
elderly population, may treat more patients not desirous of aggressive
post-resuscitative care. There may also be differences in the culture of
practitioners or hospitals, especially in their inherent aggressiveness
or sense of futility for post-cardiac arrest care, as previously
described.25 Early DNR may represent an active decision to not
provide post-arrest care and could help to explain variation in OHCA
outcomes between hospitals.
We also observed that patients treated with TTM had longer
LOS than those who did not. This is in accordance with clinical
guidelines, yet almost 40% of TTM patients had LOS  3 days.
This finding suggests that these patients either succumb from
cardiovascular causes or have life sustaining therapies withdrawn during TTM. Reasons for this should similarly be
assessed.
Fundamentally these data support the need for further evaluation
of the post arrest care process, including whether early withdrawal of
care adversely impacts patient survival and how this process is
implemented in the community. Prior literature exploring early WLST
are parts of large multicenter trials or organized regions of cardiac
arrest care, and were able to collect data to characterize this process
as part of this process. Use of LOS  3 days and Early DNR may be
more generally available as through registries such as CARES. This
may allow for more widespread assessment of measures of WLST in
emergency care systems.

Limitations
This study has several limitations, many of which are inherent to the
use of secondary data from a large statewide database. Our data do
not include comprehensive clinical information, such as hemodynamic data, that may be needed to generate a complete picture explaining
the patient’s proximate cause of death. Our data set also does not
include patient comorbidities, socioeconomic factors, ethnicity or
other cultural factors that may help to explain the variation in care
provided by hospitals. Also, decisions regarding WLST are complex,
involving caregiver attitudes, past medical history, patients’ wishes,
and decision-making by family and legally-authorized representatives. Beyond a documentation of new DNR orders, our data do not
provide information that might impact these decisions. Early DNR
orders were associated with an almost uniformly fatal outcome, which
limits our ability to assess interpretation of variation in practice on
patient survival. Finally, it is possible DNR status was decided prior to
the cardiac arrest but only documented on hospital arrival. More
granular data documenting this decision are needed to address this
issue.
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There are also limitations introduced by our methods for use of
these data. In the first year of the study (2014), one-third of the state
did not participate in CARES reporting. We also excluded
115 patients (3.1%) taken to hospitals that treated less than
30 OHCA cases during the study period. It is unknown how this may
have affected our findings. We are also unable to assess the
potential independent impact of non-comatose survivors who were
resuscitated early, defibrillated and discharged intact after only a
short length of stay.

Conclusion
Within Michigan, we observed that LOS  3 days in post-arrest
patients is associated with lower survival to hospital discharge, varies
by hospital, and is more likely explained by patient characteristics than
by between-hospital variation. There was substantial variation in the
provision of early DNR orders, which is not clearly explained by patient
characteristics but in this study was not associated with hospital
variation in survival. Further work is needed to understand the process
whereby life-sustaining therapy is withdrawn, and the potential impact
of the timing of this withdrawal on OHCA patient survival.
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